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First Quarterly Technical Report
Contract N00014-73-C-0149

Decision ‘Theory Research

1. SUMMARY

1.1 Introduction

This is the first quarterly technical report submitted under
ONR contract N00014-73-C-0149. It describes research conducted
from the inception of the contract through 31 January 1973, as set }
forth in the above named contract and as amplified by Decisions and

Designs, Inc. in Proposals 10-72 of 26 July 1972 and 12-72 of 22 August 1972.

1.1.1 Technical Problem ~ Three general research tasks !

were contracted for.

Task 1. Investigate procedures for improving human judgments
of nrobabilities and utilities for decision making. In performing this
investigation, DDI will conduct research on the application of decision
theory to p.oblems in policy analysis and resource allocation. ‘This
includes on-line, case study oriented research with decision makers
for the purpose (a) of determining strengths and weaknesses in present
dccision theoretic technology, and (b) for promoting the use of decision

theoretic concepts through the familiarization of decision makers with

these concepts. This task also includes laboratory research on procedures




for improving heman judgments on probabilities and utilities. ‘That
is, rescarch on procedures for (a) encoding uncertainties ag probabilities
and (b) incorporating attitudes toward risk into utitities.

Tusk 2. Conduct problem oriented workshops for DOD perscnuel
in which the potentinl value of decision analysis techniques is displayed
to deeision makers by showing them how decision analysis can be
applied to real problems.

Task 3. Prepare a handbook for users of decision analysis
designed for the menager, or staff, responsible for organizing and
nanaging a deeision analysis rather than for the decision analytic
technieian.

1.1.2 General Methodology - The underlying methodology

guiding the research effort was the interaction of the investigators

with DOD deeision makers as they worked on eurrent deeision problems.
This was done for two reasons: first, to insure the relevance of the
researeh effort, and seecond, to introduee various high level DOD person-
nel to deeision theoretie coneepts and to encourage the use of these
coneepts in their daily work. Although seminars and other formal
instruetional techniques can be used to explain the coneepts of decicion
theory to DOD personnel, we believe a far more effective proeedure

is to cemonstrate the utility of those eoncepts by showing the individual
how they can be used to solve his eurrent problems. Thus, in addition
to conducting basie research and experimentation, the investigators

are functioning as change agents promoting the use of decision theory
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by illustrating its applicability te everyday probiems of concern to
the decision maker.

We believe the rescarcher's utility will increasingly depend
on his capabilities to encourage elients to practice new decision making
technologies through joint partieipation in problem solving, through
ercating means for self-discovery by the elient, and by encouraging,
within client organizations, the development of good students who
can become centers of innovation.

1.2 ‘Technical Results

1.2.1 Task 1 - Research on the application of decision theory

to problems in policy analysis. Initial research conducted with

policy analysts showed that they were lacking a conceptual basis for
evaluating the impact of policy alternatives on desired outcomes or
goals. Uncertainties are most frequently incorporated into a policy
analysis by treating them as certainties and, to this extent, the analyses
fail to provide decision makers with an assessment of the risk associated
with policy alternatives.

The intelligence support provided to policy makers is structured
in such a way that the policy makers eannot derive maximum benefit
from it. Most of the intelligence estimates take the form of a narrative
deseription of one possible state of affairs, a sirgle seenario outlook.

Therefore, for the most part, these intelligence analyses do not reflect

the impact of any policy alternative whieh the poliey aralyst might




be conzldering. To be of maximm benelit, intelllpence should, ot
least in part, be a standlog refiection of the policy moker's capocity
to influenace events. To the extent that jntelllgence estimates do not
satisly this function, pollcy analysts attempt to bridge the gap, elther
by performing their own intelligence unalyses or by trying to modify

the existing analyses. The danger inherent in either course of netion

|
l
:
l
|
1
} l is that the policy unulyst mmay unconsciously bias the intelligence analysis
? i fu order to promote u favored policy alternative., That is, the palicy
unalyst may confuse indgments nbout the likelihood of events with
] preferences for thie consequences of nn event,
i As a prescriptive thcory of policy analysis, a decision theoretlic
approach would require: first, that the likelihoods associated with
! uncertain fiture events affecting the outcome of u policy be encoded
! us probabilities; and second, that the decision maker's preference
for each possible consequence be encoded us »n multi-dimensional
utility. In this way. decision theory would first sepuarale judgments
nbout the likelihood of an event sccurring from assessments about
the desirability of an event, and repluce qualitative analysis by qunntita-

tive snalysis. In both arcas, thercfore, this would represent a sub-

ctantin! change from current practice.

At the Mnctionaol level, by distingnishing between judginents
about probabilities and those of preferences for consequences, roles
arc defined for both the intelligence analyst and the policy onalyst.,

The intelHigence analyst, or technical expert, should be responsible




for providing the individual probability nssessments, and the policy

analyst should be concerned with transforming goais to policy alternatives,
assessing preferences for the consequences of these alleenulives,
and recommending a policy for implementation,

At the substentive level, although arguments can be advanced
for the adoption of a totul decision theoretic approach to policy analysis
(one in which the policy analyst uses formal procedures for assessing
preferences and performing trade-offs among alternative policies), we
believe this goal is not yet practical. both because of ‘curvent limitations
to decision theoretic technology and because of the administrative
problems which arise anytime an ongoing process is substantially
modified. We do believe, however, that some iminediate measures
can be taken which are within the spirit of decision theory and which
will improve policy anelysis. In brief, these measures consist of
(a) having policy analysts inform intelligence analysts about alternetives
they arc evaluating, i.e., the establishment of what Edwards (1973)
calls "retrograde information flow" betwsen policy analysts and inteiligence
analysts, and (b) having the intelligence anualysts supply the policy
unalysts with probability assessments conditional upon these policy
alternatives.

Adopting the above measures shonld rectify what Hughes (1¥59)
called, "a growing crisis of relevance” where the gnantity of intelligence
provided to the policy analyst, instead of aiding in the setectien and cvaluation

of policy alternatives, may have the opposite result. We believe this

AR = eame SR
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lack of relevance is due to a misinterpretation of the philosophy pervading

both the poliey and intelligence communitics whieh states that intelligence
should remain independent of policy making. In our opinion. {nis
statement implies that intelligence should not confuse the likelihood
of an event oceurring with its desirability if it oecurs. Unfortunately, it is
frequently interpreted to mean that the two eommunities should not eommu-
nicate. Thus, intelligenee analysts write about what they perceive to be
important, intelligence remains independent of poliey making and policy
making is often therefore independent of intelligence.

By providing poliey analysts with assessments of the likelihood
of uncertain events which could impaet upon the outcome of cach poliey
alternative, intelligenee becomes more relevant to the poliey analyst.
First, because probabilities arc used to describe degrees of certainty
versus words, the individual probability assessments can be combined
in a probability model to compute probability distributions over the
various dimensions associated with each consequence; second, since
each assessment is conditional upon a particular policy alternative,
thase probability distributions allow the policy analyst to informally
seleet a course of action or policy alternative by balancing off various
benefits and costs in consideration of the risk involved. This seleetion
process, olthough accomplished informally, should constitute an
improvement over the current proecedures inasmuch as the trade-offs
can now be discussed emong poliey analysts with full knowledge of

the multi-dimensional risks associated with each potential course of
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action.

1'o determine the practicality, both technically and administra-
tively, of implementing the above proeedures, a case study was per-
formed and is described in detail in Section 2.1.2. The conclusion
of this case study is that assessing probabilities for events, conditional
upon policy alternatives, is both feasible and desirable. Policy analysts
were able to describe policy alternatives to intelligence analysts in
an operationally meaningful way. The intelligence analysts, on the
other hand, were able to evalute the impact of policy alternatives on the
likelihood of forecast events. This is significant in that such evaluation is
a different task from that norinally performed by the intelligence analysts.
In addition, the intelligence analysts were able to identify leverage
points which outlined areas for further policy consideration. For
their part, policy analysts could understand the significance of the
conditional probability assessments and seemed to be willing to accept
them as useful outputs from the intelligence analyst. In general,
the results of the case study indicate that creative estimating could
go much further than it now does in discerning the possibilities for
policies. However, we believe that the intelligence estimators' incentive
toward the risk- taking inherent in making such estimates, is such,
that considerable encouragement from policy makers will b required
in order to get them to partieipate actively in the proeess.

Further research in policy analysis will be oriented toward

the investigation of a variety of problems which must be solved before

gt el
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it would be practical for poticy analysts to begin formally using decision
theory in making policy trade-offs. These problems include dceisions
as to whose preferences should be us.edlin an analysis, political prob-
lems associated with making trade-offs and preferences cxplicit, and
the developiment of practical procedures for assessing preferences

for multi-dimensional outcomes.

1.2.2 Task 1 - Research on the application of decision theory

to resource allocation. Research on resource allocation has been directed

toward the probiem of allocating resources for intelligence collection.
Three case studies have been carried out and are described in Sections
2.1.1, 2.2.3, and 2.2.4.

In conducting the resource allocation case studies, two conclusions
were reached. First, in making budgeting decisions, the increment,
rather than the base, receives most of the review effort. Budget decisions,
despite the implementation of the program planning and budgeting
system (PPBS), still are made in an arbitrary and exclusionary way.

In the area of systems for intelligence collection, security constraints

cortribute to this problem. Second, techniques for the svaluation

of intelligence collection systems have generally been based on measurements

of "technical variables". Little emphasis has been placed on "user-
oriented variables". For these rcasons, no way has been found to
effectively plan programs or to judge accomplishments of these programs
cffectively. While we, as dccisi\ion thcorists, have littlle morece to suggest

than anyone else, relative to correcting basic faults in the budget




process, we do belicve that decision theory ean uniquely furnish the
basis for assessing the value of collection systems from a user-oriented
perspective.

In theory, the collection of intelligence information should be

i governed by a principle from decision theory which states,

In principle, it is worthwhile te buy information
or- systems fo collect that information only if
that information may serve to change your
behavior, and the value of the information is
exactly he difference between the expected
values of the old and new behaviors.

Thus, decision theory says that requirements for intelligence should
stem from an analysis of potential decisions which may be sensitive

to that intelligence. In practice, this principle seems to be ignored.

Schlessinger (1972) sums up the present problem in intelligence collection

by saying,

The consumer frequently fails to specify his
product needs for the producer; the producer,
uncertain about eventual demands, encourages
the collector to provide data without selectivity,
or priority; and the collector emphasizes
quantity rather than quality.

Many people believe that this excessively conservative approach toward

the collection of intelligence has resulted in the expenditure of far

more resources for intelligence collection than is really necessary.

Most of those responsible for collecting intelligence appear to have i
adopted what Hammond (1971) has called a, "proxy-conservative"

approach to decision making. They have paid far more attention to

the value of collecting information about a particular event, given
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that the event occurs, than they have about the likelihood of the event
occurring or about the impact of the information on a primary decision.
The problem with implementing a decision theoretical information

| value analysis is that collection decisions often must be made in the

} l avsence of a primary decision problem. That is, it is often the case
i that no primary decision can be identified a priori. For this reason,
i the first task undertaken was to develop a model for determining the
} value of information in the absence of a primary decision. This model
:

will be deseribed and illustrated in a forthcoming technical report
by applying it to a hypothetical problem concerned with assessing

the relative value of several collection systems collecting on the same

o, st ¥4

geographical area. This hypothetical problem will serve to illustrate

- features of several real problems which were studied during the first
‘quarter. Portions of the above methodology were evaluated in the ~ iy
case studies described in Sections 2.1.1 and 2.2 below.

The intelligence value methodology has two key phases. First,

the methodology requires that the decision variables, or control variables,
of the allocation problem, be identified. The value of any collection
system is then assessed as a function of these decision variables.
Second, the methodology requires that intelligence value be assessed
by three independent but correlated procedures. These procedures
are based on 1) information demands as perceived by the intelligence
analysts who utilized the information provided by the collection systems,

2) requirements for finished intelligence, articulated by higher authority,

10




and 3) by military im_ortance of activities located in specific geo-
graphical aveas. The output of the intelligence value analysis shows

the value of cach alternative system as a function of the decision variables

policy alternatives, similarly we believe that the assessment of value of al-

] whirli are available to the decision maker for manipulation. Heretofore,
’} i most analyses had not been conducted in such 2 way that the iinpzct of the
decision variables was explicit, Just as we believe the as_ ~ssments of proba-
1 bilities by intclligence analysts should be displayed as a function of
»
|

rosmrer—y

’ ternative intelligence collection systems should be cxpressed as a function
of those parameters available to the dccision maker for control.
We experienced lit{le difficulty in getting decision makers to

accept the idea of assigning an intelligence value to alternative collection

—
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systems. However, considerable resistance was encountered in attempting

to apply a formal procedure for resource allocation to ‘he various

problems once the value of the alternative systems had been assessed.

As was the case with policy analysis, the de:ision makers felt far

more comfortable working with the trade-offs intuitively, rather than

explicitly stating their preferences and using a formal procedure for h

1.2.3 Task 1 - Technical support experiment. Subjects

selecting from among the alternative systems.
were run during this quarter on two ¢xperiments designed to cvaluate

response modes for probability assessment. The first experiment

cvaluated the relative value of probabilities versus odds as response 1

modes for assessing the likelihood of categorical events., The sccond 3

11 |




experiment evaluated two different response modes for assessing the
relative likelihoods of events that were on a continuum. The task

of probability assessment is markedly different for the two classes

of cvents. Categorical variables usually include only a few cvents

that differ qualitatively. For cxample, a plane may be either a friend

or an cnemy. A coup may either occur or not occur. Ora bomb may
either miss a ship, hit it and cause damage, or hit it and sink it.

A continuous variable, on the other hand, consists of quantitative
events, such as the top speed of an airplane or the size of a budget,

in dollars. The results of these two experiments are now being analyzed

and it is expected that they will be written up as technical reports

during the next quarter.

L 1.2.4 Task 2 - Workshop. Participants for a series of workshops

on decision theory have been tentatively identified. Our experience

to date, however, shows that .f these workshops are to be resily useful,

it is not sufficient for them to consist of a tutorial exposition of decision
theory. Therefore, it has been decided that the format for these workshops
should be current problem oriented. It is planned that prior to each
workshop, a decision problem of one of the participants will be taken

and used as a vehicle to illustrate how decision thoery can be applied

to real problems. The participants for each workshop will be selccted

so that they will have a knowledge of and interest in, the particular

problem which will be studied.

12




1.2.5 Task 3 - Handbook. A large amount of the cffort during

the preceding quarter was devoted in developing a case study ov.rview
of decision analysis that will serve as the introductory chapter of

the handbook. This overview consists of a concrete decision of whether
or not a ship's capt\ain should shoot down an approaching plane that
may be either friend or fre. The analysis has been constructed in

such a way that it consists of a wide variety of the more clementary
decision analytic procedures. The purpose of this case study is to
provide the reader with a general overview of what decision analysis

is all about.

It is written up in the form of a dialogue between the decision
maker and a decision analyst; this style of writing has bgen demonstrated
to effectively communicate these ideas.

There are currently plans to use this first draft of the handbook
for an intensive course in the Defense Intelligence School and for
shorter courses with analysts in the Defense Intelligence Agency and
at the Naval Intelligence Support Center. We are attempting to make
arrangements for this early version of the handbook to be printed,
as a series of separately bound chapters, at the printing office within
the Defense Intelligence Agency. Of the currently planned sixteen
chapters of the handbook, the introductory case study and six of the
most elementary chapters will be printed in a higher volume as it

is anticipated that they can be used by students and analysts who

desire only an elementary introduction to decision analysis. We anticipate




i

that these seven chapters will all be written and printing will begin

during the next quarter.
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2. TASK 1 - RESEARCH ON THE APPLICATION OT DECISION THEORY

2.1  Action Selection (Primary Decisions)

Two case studies involving primary decisions were carried
out during the first quarter of the contract period. They are presented
briefly in the following sections and will be described in more detail
in a subsequent technical report.

2.1.1 Case Study 1. Decision Analysis with Probabilities

and Utilities. The first cast study considered which of two platforms
should be used for the airborne collection of information about a particular
country. A previous detailed analysis had shown that a new platform
was superior to an older one, currently in use, on all dimensions except
political. That is, the new platform cost less, involved less military
risk, and was more efficient in gathering information. Because of

its greater efficiency, the new platform had been proposed two times
previously as a substitute for the old platform. However, on the basis
of intuitive judgment of the greater negative political impact of the

new platform, i.e., it would constitute a substantial change in the

status quo, high-level policy makers had rejected this proposal.
Consequently, on the third analysis, a staff man was charged with

the task of providing a quantitative cvaluation for all eomponents of

this decision.




With the aid of DDI, the policy staff man made the following

deeision analysis of the political implications of using the new versus
the old plane. A simple decision diagram of this analysis is shown
in Figure 1. Before beginning the analysis, the staff man indicated

that he had made previous unsuccessful attempts and stated that he

fly old plane I
L. hit

shoot

miss

political rcaction

fly new plane

no political reaction

Fipgure 1.

did not want to draw a complicated "10,000-branch tree". He wanted

to feel that he was driving the analysis rather than that the anaiysis

was driving him due to its great complexity. Consequently, the decision
tree was simplified to the simple five-branch tree displayed in Figure 1.
The top decision branch represents flying the older plane, the one
currently in use, and the lower decision branch represents switching

to the new plane. Given that the old plane is being used, an important

event which could impact on itg political sensitivity is that the country

16
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over which it is being {Iown could attempt to shoot it down. Consequently,
the fork following the decision to fiy the older plune consists of two
branches. The top one indicates that there is no attempt to shoot

the reconnaissance plane down, the lower fork represents that there

is such an attempt. CGiven that such an attempt is made, it can resualt

in a hit or a miss. Since the older plare has been in use over this
country for some time, the primary event that would influence its

political sensitivity would be a shoot-down. An attempted shoot-down
would offer no danger to the new plane because its performance capabili-
ties make it immune to such an attempt, but since its introduction represents
a change in policy, it could be interpreted as an aggressive act.
Consequently, the fork following the introduction of the néw plane
consists of one branch which indicates that there is a violent political
reaction, 'and the second branch which indicates there is no political
reaction.

Figure 2 is an extension of Figure 1 with judgments of probability
and utility appended. For reasons of classification, the numbers repre-
senting such judgments are camouflaged but still represent the important
idea for purposes of this report. First consider the utility judgments.

A value of 0 represents status quo with respect to political impact

and a value of -100 represents the worst possible outcome which,

in the opinion of the staff man, was the second branch indicating the
older plane is shot down. A violent political reaction to the introduction

of the new plaie represents the second most serious end point and,

17




t | in the judgment of the staff wan, was approximately 30% as bad a

the shoot-rown of tne old plane. Consequently, it wis assigned a
no attempt to shoot

= = Y

#

My old plap~ __( I8

- -100
..ﬂ .'1I'II-II:I'.
T -10
-3
Eolit_isg_l_ﬂmction e 10

.l/—

fly new place {7
A Sl Py PARELE ,Qj

o _no political reactian __ o

Figure 2.

-value of -30. Also, an attempted but unsuccessful shoot-down of
the old plane was considered to have only a mild negative political
impact, about 10% as bad as a successful shoot-down.
The probability assessments on Figure 2 were supplied by appropri-

ate intelligence analysts. The probability of an attempted shoot-down

and the probability of a political reaction were supplied by a pnlitical
analyst and the probability of a hit given that there is an attemptad
shoot-down on the old plane was supplied by a technical weapons

system analyst,

As shown in Figure 2, it was unlikely that there would be an

attempt to shoot down the plane currently in use (23% chanee), but

18
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in the case such un attempt was made, it was very likely (90% chance)
that it would be suecessful. Furthermore, it was judged to be very
untikely (10% chance) that there wounld be any serious political reaction
to the introduetion of n new plane. The expected utiiitie: indicate

the relative political merits ussociated with the deeision to use the

old versus the new reconnaissance plane. ‘This annlysis shows that,
from a political point of view, it is about six times worse (18) to

fly the old plane than the new plane (-3).

A sensitivity analysis indicated that from a political point of

view, the new plane was less negative than the old plane for considerable

g changes in judgments of either utility or probability. That is, a change

in recommended decision occurred only if the probability of an attempted

; ! . 'ghoot-down was decreased to below any value that the intelligence

[ analyst would accept or if the negative utility associated with the shoot-
dowr: was made less negative in relation to the "reaction” utility than
the staff man was willing to accept.

The staff man then presented this analysis to analysts of other

agencies in order to verify the validity of the structure of this decision
diagram as well as the reasonableness of the assessments of probability

and utility. Determining that analysts in other agencies were in general

agreement, he presented a briefing to the policy maker in which he

[t )

used this decision dingram along with his analyses of costs und benefits

for the two aircraft.

r_-

The decision maker rejected the entire decision nnalysis coneerning
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pohitienl i t on the gropads that sich a complex factor cannot be
redneed to guantification. Even though he aceepied the remainder

of the cost-benefit analysis, he recommended the continued use of

the older planc on the gronnds that introduetion of the new plane might
result in a situation that was politically unacceptable. The policy
maker, who has the veputation of being exceptionally intelligent, was
sufficiently disillusioned by the combination of "wiring - diagram

und numbers" that he actually refused to discuss the serious political

consequences of a successful shoot-down of the old plane.

‘The contractors were not present at the briefing to the policy
maker but the report of the staff man suggests that suceessful use
of this tool will require some form of education, at least for some of
the policy makers. It is interesting to note that the staff man in question
is continuing to use th:. Kind of quantification to recommend decisions
to the policy maker to whom he reports.

2.1,2  Case Study 2. Decision Analysis with Probabailities

Only. The second attempt ut a decision analysis was conducted with
inteliigence analysts instead of with the decision maker. Consequently,
the primary input to the analysis consisted of probabilities rather

than assessments of value or utility. The problem analyzed was the
U.S.'s concern over treaty negotiations with a particular country

and whether a treaty would be negotiated suceessfully during the
coming year. A variety of items, including the policy of the United

States, will interuct on the probability of sueccessful negotiation and




consequently, the analysts construcied three different probability
diagrams, cach conditional upon a particular U.S. policy. The goal
was to display to the policy maker the manner in which the probability
of a successful treaty regotiation changed as a function of different
U.S. policies. The most aggressive U.S. policy, of course, led to
the highest probability of negotiating a treaty, but, because that policy
included more concessions, it led to the highest probability of acquiring
the least desirable of the possible treaties. This resulted in a very
incomplete decision analysis because it is left to the decision maker
to intuitively make the trade-off between the probability and desirability
of the treaty.
Each probability diagram considered a variety of events not
under control of U.S. policy that would impact on whether or not
the treaty negotiation was successful. For a complete review of the @
results of this analysis see CIA Intelligence Memorandum No. 2438/72.
Thils type of analysis sidestepped a major obstacle to conducting
formal decision analyses within DOD. A complete decision an«lysis
requires the assessment of a value structure as well as the assessment
of probabilities. While there is little hesitancy on the part of an analyst
probabilistically to forecast future events, since that is a central function
of his job, there are two serious obstacles to assessing the value struc-
ture describing the relative attractiveness of those events to the decision
maker. The first obstacl. is that values must typically be assessed

by high-level poliey makers whose time is already overcommitted
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and sceondly, there arc political reasons that argue against permitting
a deeision maker to expose his value system: If value dimensions
relevant to a decision analysis include such factors as money, men,
equipment, U.S. prestige, ete., it may be politically uncomfortable
for a policy maker to express his trade-offs among those dimensions.

The initial goal was to use the treaty negotiations as a preliminary
analysis and then to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>